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CHAPTER 1 
MECHANISMS 


1.1 Determine the degree of freedom for the linkages in Figure P1.1, 
which of these linkages represents mechanisms. 
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Figure P1.1 
Solution 


DOF =3(n-1)—2I1-—h 

Where, 
DOF is the number of degrees of freedom in the mechanism. 
n is the number of links including the fixed link. 


| is number of lower pairs. 

h is the number of higher pairs. 
(a)n=4 
=4 
=0 


DOF = 1 
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1.2 The lengths of the consequent links of a four bar chain are 40, 120, 100, and 
140 mm. Different motions are obtained by fixing one of the links at a time. Plot 
the relation between the output motion and input motion in all possible cases. 


120 
100 


40 
140 


Solution 


The relations should be traced manually as explained in Sec 1.3.1.1. However, the 
results are indicated below. 


Case 1: link of length 140 mm is fixed 
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Case 2: link of length 40 mm is fixed 


04 
360 


190 
20 


8459 
0 60 120 180 240 300 360 4% 
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Case 3: link of length 120 mm is fixed. 


60 75 30 105 120 135 150 92 
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1.3 If the largest link is fixed in the previous chain, trace the path of a point on the 
middle of the coupler link. Also trace the path of a point on the middle of the 
rocker on a plane rotating with the crank. 


Solution 


The trace is shown in the figure. 


The trace of the path of a point on the middle of the rocker on a plane rotating with the 
crank is easily done by fixing the crank as in case (2). The etrace is a circle with radius 
60. 


1.4 The lengths of the crank and the connecting rod in a single slider crank chain 
are 60 and 150 mm respectively. For all possible inversions, plot the output 
motion against the input motion. 
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Solution 


Case 1: link (1) is fixed 


0 60 120 180 240 300 360 05 


Case 2: link (2) is fixed 
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0 60 120 180 240 300 360 82 
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Case 4: link (3) is fixed 


We get the shaper mechanism. 


120 


60 
0 60 120 180 240 300 360 85 


1.5 The distance between the centers of the two blocks of an ellipse trammel is 
75 mm. Plot the path of a point on the coupling link 75 mm away from the 
nearest block. Also, trace the path of a point half way the distance between 


the centers of the two blocks. 
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Solution 


1.6 For the shaper mechanism shown in Figure P1.6, plot the motion of the ram 
R with the crank rotational angle 8. Also, plot the path of point P on the middle 
of link BR. 


OA = 30 mm, QB = 200 mm, BR = 150 mm, BP = 75 mm. 
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Figure P1.6 


Solution 


0 60 120 180 240 300 360 8% 


“s” is the horizontal distance from point O. For the path of point P, 


yP 

42 

40 

Pe PS 

36 

-120 -105 - 90 -75 - 60 -45 -30 Xp 


https://gioumeh.com/product/mechanics-of-machinery-solution/ 


14 


1.7 Draw the outline skeleton of the mechanism used in the head of a sewing 
machine to the needle bar Figure P1.7. Plot the path of point N on the needle 
starting from the lowest position and using 16 divisions. Trace also the path of 
point P on the middle of link CN. 


OA = 40 mm, AB = 120 mm, QB = 80 mm, QC = 50 mm, CN = 150 mm, CP = 75 
mm 


B 


Figure P1.7 


Solution 


The motion of point N is shown in the figure. 
S 


10 


0 60 120 180 240 300 360 82 
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15 
The path of point P is shown in the figure. 
Yy 
20 
10 
15 20 29 30 


x 


1.8 Design a four-bar mechanism such that r4 = 100 mm, r3 = 80 mm, the rocker 
angle is 60°, and the time ratio is 1. 


Solution 


For a time ratio 1, a = 180°. 


- Draw acircle with radius QO = 100 mm. 

- From point Q, draw a vertical line with a horizontal distance 80 mm from point Q 
to intersect the circle at point O. 

- From point Q, draw two lines which incline 30° with the vertical. 


CB = r = 34.6 mm 
QB = r3 = 69.3 mm 


1.9 Design a four-bar mechanism such that r2 = 30 mm, r3 = 70 mm, the rocker 
angle is 90°, and the time ratio is 1.2. 
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re Ta 
Q 
a =163.6° 


The angle between the rocker at the two extreme positions is 180 . 163.6 = 16.4°. 


- Draw line OBR with length of 100 mm (r2 + r3). 

- Draw line OB, with length of 40 mm (r3 . r2).with an angle 16.4° with OBr. 

- Bisect line Br Bi, draw two lines from points Br and B,, each makes an angle 45° 
with the bisector. 


r3 = 44.3 mm 

r2 = 68.33 mm 
1.10 Design a four-bar mechanism such that r4 = 100 mm, r2 = 30 mm, r3 = 70 mm, 
and the time ratio is 1.2. 


Solution 


The same steps of the previous problem are followed, except, we draw a circle of radius 
100 mm from point O to intersect the bisector at point Q. 


R4= 97.* mm 
= 37° 
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1.11 For the shaper mechanism of Problem 1.6, obtain the time ratio. When the 
crank makes 30° with the horizontal datum, point C is a point on the oscillatory 
link under point A. Trace the path of C on a plane rotating with the crank. 


Solution 


When link (4) is at the extreme posion, it makes an angle = cos’ (OA/OQ) = 74.173°. 
Thus, the time ratio is, 


A = (360.2*74.173)/74.173*2 = 1.427 
At this position, OC = 127.7 mm. To trace the path of C on a plane rotating with the 
crank, we fix the crank and rotate OQ about point O at the different postions. At each 


position we locate a point at a distance 127.7 mm from point Q. The trace is shown in 
the figure. 
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Notice The trace is drawn to scale. 


1.12 Figure P1.12 shows an out line of Zoller double piston engine. Draw the 
mechanism with the given dimensions. Starting when piston B is at the extreme 
left position, and using 12 divisions in the cycle, plot the path of C and the 
displacement diagrams of both pistons C and D on the same diagram. 


OA = 20 mm, AC = 30 mm, BC = 120 mm, angle ACB = 90°. 
AB = 126 mm, CD = 110 mm. 


10.0 
Figure P1.12 
Solution 


The displacemrnt of piston B is shown in the figure. 
XB 
40 
30 
20 
10 


0 
0 60 120 180 240 300 360 99 


The displacement of piston D is shown in the figure. 
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XD 
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40 
a 
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1.13 For the mechanism of a press machine shown in Figure P1.13, OA is a 
rotating crank and ABC is a bell crank. The die block is attached to the pin 
C which slides along the slot in the link DE. Plot the displacement diagram 
of point C on the die block with the crank rotational angle 8. 


OA = 30 mm, AB = 95 mm, BC = 80 mm, QB = 90 mm. Angle ABC = 90°. 


Figure P1.13 


Solution 


The figure shows the displacement diagram of point C. The distances are measured fro 
point U. 
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1.14 Choose any suitable dimensions to construct Hart, Watt, Peaucellier, and 
Grasshopper straight line motion mechanisms. Trace the path of points that 
move on a straight line in each case. 


1.15 A point moves on a straight line by means of Watt's mechanism. It is 
required to magnify its motion three times. Construct such mechanism. 


Solution 


1.16 Design a Geneva wheel with a center distance 120 mm. The driven wheel 
rotates 60° for every revolution of the driving shaft. 


Solution 
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1.17 A universal joint is used to connect 2 shafts inclined at 20° and the driving 
shaft speed is 1000 rpm. Find the extreme angular velocities of the driven shaft 
and its maximum acceleration. 


Solution 
The angular velocity of the driving is 104.72 rad/s 
The angular velocity of the driven shaft is given by, 


= cosa 
1- sin? a sin? 0 


b 


The maximum and minimum angular velocities are obtained by differentiating, then 
equating to zero. The minimum values occur at 0 and 180 degrees. The maximum 
values occur at 90 and 270 degrees. Thus, 


Omin = 98.404 rad/s 
Omax = 111.4498.404 rad/s 


The angular acceleration is given by, 
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cosa sin?a sin20 -> 
(1- sin? a sin? 6)? 


b= 


The maximum values occur at 48.5°. Thus, 
Omax = 1370.5 rad/s? 
1.18 A Universal joint is to connect two shafts whose axes intersect at 15°. The 
driving shaft rotates uniformly at 1000 rpm. Plot for one complete revolution of 
the driving shaft the angular speed and the angular acceleration of the driven 
shaft. The driving shaft rotates with a uniform speed of 1000 rpm. Determine the 
greatest permissible angle between the shaft axes so that the total fluctuation of 
speed of the driven shaft does not exceed 150 rpm. 

Solution 


For the angular velocity, 


Angular velocity, rad/s 
110 


105 


0 60 120 160 240 300 360 
Driving shaft angle 


For the angular acceleration, 


Angular acceleration, rad/s? 


Driving shaft angle 
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The minimum angular velocity occurs at 0°. Thus, 
@min = 104.72 cos a 
The maximum angular velocity occurs at 90°. Thus, 


_ 104.72 cosa 
Omax 7 a D a 
1-sinf a 


The maximum fluctuation of the speed is 15.708 rad/s. Thus, 


Oise shin #15706 = 104.72 cos at i) 


- sin? a 
Solving this equation, we get a = 3.74° 
1.19 In assembling a double Universal joint, the fork on one end of the 
intermediate shaft makes an angle B with the fork on the other end. Derive the 
relation between the driven and driving shaft angles of rotation if the angle 
between the shafts is 20°, and the angle between the forks is 30°. 
Let 0 be the angle of the driving shaft. 
Let » be the angle of the intermediate shaft. 
Let y be the angle of the driven shaft. 
Let a be the angle the shafts. 
For the driving side, 


tan b = cos a tan 0 (a) 


For the driven side, when the intermediate shaft is advanced an angle y, the driven shaft 
is advanced an angle w such that 


tan (y + >) = cos a tan (y + B) (b) 
The relation between y and yw is obtained by 
tan y = cos a tan y (c) 


For y=30°, y = 31.567° and from equations (a), (b), and (c), we can get the relation 
between ß and 0. 
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1.20 Sketch the Oldham and prove that: 


a) The center of the intermediate disk describes a circle with diameter equal to 
the distance between the center lines of the two shafts. 


b) The absolute angular velocity of intermediate disk is double the angular 
velocity of either shaft. 


Solution 


Let the center of the driving shaft be at point A, and that of the driven shft be at B, 
Figure (a). When the shafts rotate an ang 9 and since the slots of the intermediate disk 
are perpendicular, the center of the intermediate is located at point C and traces a 
circle with a diameter equal to a (the distance between the two shaftts). Also, it 
describes an angle equal to 20, about the mid point O, Thus, the speed of the 
intermediate shat is twice the speed of the shafts. 


Analytical Method 


1.21 Figures P1.21 Show a group of four.bar chain in different configurations. 
The lengths of the links are r3 = 90 mm and r4 = 80 mm. Find the values of 83 and 
8, for each configuration. The locations of the links are shown in the figures. 
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Figure P1.21 


Solution 


We apply Equations (1.11) to (1.16). The data and results are listed in the following 


table. 


XA YA Xa Xa sign of B d 


(a) 25 75 150 25 + 134.63 
(bì) 175 75 50 £25 - 134.63 
(c) 25 75 150 125 - 134.63 
(d) 175 75 50 125 + 134.63 


Ba? 


338.2 
201.8 
21.8 

158.2 


03° 04° 


13.3 62.11 
166.7 242.11 
13.3 18.5 
193.3 297.9 


1.22 Figures P1.22 show a group of engine chain in different configurations. The 
lengths of the links are r3 = 150 mm. Find the values of 63 and V4 for each 
configuration. The locations of the links are shown in the figures. 
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Solution 


Figure P1.22 


We apply Equations (1.19) to (1.20). The data and results are listed in the following 


table. 
XA YA 
(a) 20 100 
(b) 120 100 
(c) 40 100 
(d) 120 120 


a h sign of x, X4 03° 
30 20 + 206.23 7.83 
150 .80 + 80.48 176.3 
150 .80 132.26 319.8 
30 20 — 15.84 219.18 


1.23 Figures P1.23 show a group of shaper chain in different configurations. Find 
the values of 04 and the position of the block from the pivot of link (4) for each 
configuration. The locations of the links are shown in the figures. 
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0 (d) 
Figure P1.23 
Solution 


We apply Equations (1.24) to (1.25). The data and results are listed in the following 
table. 


Xa Ya Xa Xa h X4 03° 
(a) 30 50 85 100 20 71.59 26.66 
(b) 30 115 115 100 20 83.96 336.6 
(c) 30 115 85 70 —20 68.19 337.06 
(d) 40 50 115 70 -20 75 29.86 
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1.24 Figures P1.24 Shows a group of tilting blocks in different configurations. 
Find the values of 83 and the position of the block from the input point A for each 
configuration. The locations of the links are shown in the figures. 


Figure P1.24 


Solution 


We apply Equations (1.22) to (1.23). The data and results are listed in the following 


table. 
XA Ya Xa Xa h X4 04° 
(a) 80 100 150 80 20 67.08 73.4 
(b) 100 100 30 25 —20 67.08 106.6 
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29 
(c) 80 80 150 150 -20 67.08 286.6 
(d) 100 80 100 150 20 67.08 253.4 


1.25 Solve Problems 1.2 to 1.6 and 1.10 to 1.13, using the analytical method. 


Solution 
For Prob. 1.2 
Case 1: link of length 140 mm is fixed. 
This is a 4—bar mechanism with the following data: 

1. Crank 

r2 = 40.0 
2. four—bar chain 
r3 = 120, r4 = 100, Point Q is at (140, 0) and the sign of B is positive. 


Equations (1.11), (1.12), (1.15) and (1.16) are applied. The plot is shown in Prob. 1.2, 
case 1. 


Case 2: link of length 40 mm is fixed. 
This is a drag—link mechanism with the following data: 
1. Crank 
r2 = 120.0 
2. Four—bar chain 
r3 = 100, r4 = 140, Point Q is at (40, 0) and the sign of B is positive. 


Equations (1.11), (1.12), (1.15) and (1.16) are applied. The plot is shown in Prob. 1.2, 
case 2. 


Case 3: link of length 120 mm is fixed. 


This is a 4—bar mechanism with the following data: 
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1. Crank 


r2 = 100.0 
2. Four—bar chain 
r3 = 140, r4 = 40, Point Q is at (120, 0) and the sign of B is positive. 
Equations (1.11), (1.12), (1.15) and (1.16) are applied. The plot is shown in Prob. 1.2, 


case 3. 


Case 4: link of length 100 mm is fixed. 


This is a double—-rocker mechanism with the following data: 
1. Crank 
r2 = 140.0 
2. Four—bar chain 
r3 = 40, r4 = 120, and point Q is at (100, 0), and the sign of B is positive. 
From A, to A4, B is positive, and is negative otherwise. Equations (1.11), (1.12), (1.15) 
and (1.16) are applied. The plot is shown in Prob. 1.2, case 4. 
For Prob. 1.3 


The plot is shown in shown in Prob. 1.3. 
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For Prob. 1.4 


Case 1: link (1) is fixed. 


This is an engine mechanism with the following data: 
1. Crank 
r2 = 60.0 
2. Engine chain 
r3 = 150, h = 0, a = 0, and the sign of s4 is positive. 


Equations (1.19) and (1.20) are applied. The plot is shown in Prob. 1.4, case 1. 


Case 2: link (2) is fixed. 


This is a shaper mechanism with the following data: 
1. Crank 
r2 = 150.0 
2. Shaper chain 
h = 0, and point Q is at (0, —60). 


Equations (1.22) and (1.23) are applied. The plot is shown in Prob. 1.4, case 2. 


Case 3: link (3) is fixed. 


This is a tilting—block mechanism with the following data: 
1. Crank 


r2 = 60.0 
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